higher quality [1] [2] [3] [4] . Wastes like decomposed or fresh fruits and vegetables can be recycled using earthworms. Numerous studies have been performed on this topic. Huang et al. (2016) [5] tried to recycle banana peels, cabbage, lettuce, potatoes, and watermelon peels using the earthworm species Eisenia fetida (Savigny 1826) (red wiggler worm). His experiments succeded with one exception: banana peels, which were harmful to the worms. The same study demonstrated that Eisenia fetida could broaden the bacterial diversity in the fi nal degradation product -especially the populations of actinobacteria and ammonia-oxidizing bacteria. Jyoti and Seema (2014) [6] carried out a laboratory experiment for the management of a solid waste (mixtures of solid waste and cow dung) through the action of the earthworm Metaphire posthuma (Vaillant 1868). After 15 days of experiments they found that earthworms accelerated the decomposition of wastes and that earthworms can recycle the solid waste into useful nutrients. A negative trend of pH, organic matter, and C:N ratio were recorded, but the total nitrogen, phosphorus, and potassium content expressed increments -clearly indicating the earthworm biotechnology in recycling of waste and nutrient enrichment as vermicompost. Deivanayaki and Sathya (2015) [7] studied several soil parameters such as pH, macronutrients (N, P, and K), and micronutrients (Fe, Mn, Cu, and Zn) present in the vermicomposts obtained from green gram (Vigna radiata (L.) Wilczek) wastes after using them by earthworms Eisenia fetida. The pH values of the vermicompost obtained after 35 days of vermicomposting showed a lower pH value than that of raw decomposed green gram. The level of N and P slightly increased, and the level of K drastically decreased. Liu et al. (2012) [8] evaluated the relationships established between Eisenia fetida and heavy metals in sewage sludge, and they found that water content of the substrate, the value of pH, and the content of organic matter decreased, whereas the concentration of total nitrogen, available nitrogen, and available phosphorus increased, and the content of total phosphorus and total potassium decreased.
The research aimed to establish the infl uence of the food type represented by decomposed fruits of Solanum lycopersicum L. (tomato) upon several biological characteristics (survival, body weight, prolifi cacy) of Eisenia fetida, respectively to establish the relationships existing between these biological characteristics and several soil properties (pH, total nitrogen, available potassium, available phosphorus) within a laboratory experiment.
Materials and Methods
The research was carried out within a laboratory experiment (microcosmos) organized at the University of Agricultural Sciences and Veterinary Medicine of Banat King Michael the I st of Romania from Timişoara, Romania. The experiment lasted three months. The microclimate conditions consisted of 20±2ºC environmental temperature and the natural photoperiod characteristic to the months that represented the research interval, respectively November, December, and January of the zone (45°45'N21°14'E).
The microcosmos experiment has been carried out in control boxes (Eisenia fetida not fed with decomposed fruits of Solanum lycopersicum) and in test boxes (Eisenia fetida fed with decomposed fruits of Solanum lycopersicum), and was established in three replicates.
Each experimental box was fi lled with soil in the amount of 1,660 g. The soil used within the experiment was a cambic chernozem (FAO System) collected from the fi rst 30 cm of topsoil (2.97% content of total organic carbon), cleaned by plants and other rests, and analyzed with a magnifying glass in order to eliminate the earthworm cocoons and other impurities.
Into each box were introduced 10 Eisenia fetida earthworms. They were adults and their body weights ranged between 4.49-5.86 g, without signifi cant differences between weight values.
Nutritive substrate as decomposed fruits of Solanum lycopersicum (tomatoes) was added into the test boxes and was prepared as follows: fruits of Solanum lycopersicum were chopped and left at room temperature for a week, resulting in a product that has been preserved in a freezer (-15ºC) and used for the subsequent feeding of earthworms; each feeding was realized with 40 g of tomatoes for each box.
The moments when the nutritive substrate was added in the test boxes were: -Six days from the moment when earthworms were introduced in boxes (from the start of the experiment). -Forty-fi ve days after the moment when earthworms were introduced into the boxes (at the halfway point of the experiment). Moisture content was controlled one time per week by adding distilled water in order to maintain humidity content between 70 and 80%. Moisture content was established by drying a substrate sample at 105ºC for 48 h.
In order to distinguish the infl uence of the food (decomposed fruits of Solanum lycopersicum) on Eisenia fetida, and also the infl uence of Eisenia fetida (fed or not with this food) on soil characteristics, the following parameters were monitored: -Body weight of earthworms at the start and at the end of the experiment, in control boxes and in test boxes, respectively. -Earthworm mortality (as earthworms found alive) at the start and at the end of the experiment, in control boxes and in test boxes. -Earthworm prolifi cacy (hatched larvae) at the end of the experiment, in control boxes and in test boxes. -The variation of values for the following parameters of soil: pH, total nitrogen, available potassium, and available phosphorus (in all boxes -control and test). The number of earthworms and hatchlings were counted by hand sorting. The parameters of soil (pH, total nitrogen, available potassium, and available phosphorus) were established using the following methodology: the pH values have been established by the potentiometric method in aqueous suspension (pH H 2 O ), ratio soil:solution was 1:2.5; the content in total nitrogen of soil using the Kjeldahl method; the mobile (plant available) phosphorus and potassium of soil have been determined by spectrophotometry and fl ame spectrometry methods, respectively, by the Egner-Riehm-Domingo method [9] . Statistical processing was realized using Statistical Package for the Social Sciences software.
Results and Discussion
At the end of the experiment, in the control boxes 8.33±2.08 earthworms were found alive, meaning a mortality of 16.7% in relation to the initial number (10) of earthworms introduced into the boxes. In the boxes where earthworms were fed with decomposed fruits of tomatoes, at the end of the experiment no mortality was recorded, which means that this type of food was well accepted by the earthworms (Table 1) .
At the end of the experiment a decrease of 58.78% in the mean value of earthworm body weight in the control boxes compared with values recorded at the beginning of the experiment was noticed. The same situation also was found in the test boxes with earthworms fed with tomato fruits, but in this case the decrease was lower: 55.54% as compared to the earthworm weight at the beginning of the experiment ( Table 1 ). The loss of earthworm weight in this study is considered to be due to water loss. Several authors have found that the most important factor infl uencing water content of the earthworm body is the maintenance conditions of the worm prior to analysis [10] or depending on environmental conditions [11] (for example, earthworms often lose weight or enter diapause when soils are too dry [12] [13] . It was found that the proper functions of the organism are not seriously affected by losses of water up to 18%, although 70-75% of earthworm weight can be lost without killing the worm [14] . The earthworms used within the experiment were translocated from a very moist environment (60% of gravimetric moisture content) into a soil with 40% moisture, and they lost weight in this second environment. Also, earthworms consume water for respiration, to produce mucus to avoid drying, and to move through the soil [15] , so that the loss of weight is a physiological effect and not a response to an inhibitory condition [16] . Excluded the stress caused by the experimental conditions in weight loss because prolifi cacy was high. Many studies have shown that earthworms gain or lose weight depending on environmental moisture [17] [18] [19] . Richardson et al. (2009) [20] found that the species Amynthas agrestis (Goto and Hatai 1899) survived with more success in higher temperatures of soil when the moisture of soil was appropriate, which increased the survival of the species and decreased the weight loss, and the maintenance of the fresh body weight depends on moisture degree of soil. When earthworms were taken from soil and placed in water they usually gained weight [21] . (2010) [23] reported a decrease by 50% of water content of the body for the species Apporectodea caliginosa (Savigny 1826) during its estivation. However, losing weight in soil is a faster process than gaining weight in water [21] .
At the end of the experiment the body weight of earthworms fed with fruits of Solanum lycopersicum was 9.56% higher than that of the earthworms from the control boxes because of the surplus of organic matter provided by the macerated fruits of tomatoes offered as food.
Data regarding the prolifi cacy of earthworms have been reported as the number of hatched larvae at the end of the experiment -both in control and test boxes. Thus, at the end of the experiment it was found that prolifi cacy of earthworms fed with tomatoes was much higher than that of the unfed earthworms in the control boxes. The earthworm prolifi cacy considerably increased, on average from 6 to 41 cocoons, after being fed with tomato fruits. The one-way ANOVA Test and paired sample T-test showed signifi cant correlations for these fi ndings ( Table 1) .
The analyzed parameters of the soil from the control and test boxes were pH, total nitrogen, available potassium, and available phosphorus ( results of the study showed that the soil containing earthworms fed with tomato fruits recorded statistically signifi cant increases (one-way ANOVA statistics, paired sample T-test statistics, p<0.05) of pH, total nitrogen and available potassium, respectively a decrease of the available phosphorus as compared to the soil containing earthworms not fed with tomato fruits (Table 2 ). In the boxes where tomatoes were added, the pH value recorded a slight rise, on average by 2.18%. Musaida et al. (2012) [24] showed that this increase is possibly due to nitrogenous waste excreted by the earthworms.
Asadollahfardi and Mohebi (2012) [25] , after an 80-day experiment using Eisenia fetida to change fruit and vegetable residues amended with straw wheat, horse manure, shred white paper, and egg shells through vermicomposting, found a decrease of substrate pH and an increase in total nitrogen, phosphorus, and Fe, and not only no earthworm mortality, but an increase in earthworm numbers.
The concentration of total nitrogen increased by 14.28%, and the concentration of available potassium by 54.51%. The increase of nitrogen content is due to nitrogenous metabolic products of earthworms, which were returned to the vermicompost as casts and urine, as also observed Muthukumaravel et al. (2008) [26] . Ansari and Rajpersaud (2012) [27] showed that the increase of potassium is due to earthworm activity in mineralization and mobilization of phosphorus.
Relating these fi ndings to those recorded in the soil without earthworms, the increase of values for the analyzed parameters of soil were even higher ( Table  2) . Correlations between body weight and prolifi cacy of earthworms fed with tomato fruits and the concentrations of several chemical parameters of the adjacent soil were found. Thus, a strong positive correlation between the body weight of the earthworms fed with tomatoes and the concentration of the available phosphorus of soil, and a strong, negative correlation between the body weight of the earthworms fed with tomatoes and the concentration of the available potassium of soil (Table 3 ) (Spearman's and Kendall's Correlations, p<0.01) also were found.
A positive correlation was observed between the prolifi cacy of earthworms fed with fruits of tomatoes and the pH of the adjacent soil (Pearson's Correlations, p<0.05). The presence of Eisenia fetida in soil determines the improvement of several parameters of it -even in the case when earthworms were not fed with tomato fruits -as follows: the concentration of total nitrogen increased by 40%, the concentration of available phosphorus nearly doubled, and the concentration of available potassium decreased (14.66%) (one-way ANOVA and paired sample T-test, p<0.05; Table 2 ). On the contrary, in the soil containing earthworms fed with tomato fruits, the values of available phosphorus decreased and available potassium increased. The increase of nitrogen concentration in the presence of Eisenia fetida in waste management was often observed [1-2, 4, 28-30] . The increase of phosphorus in the presence of Eisenia fetida in different waste media also has been reported by other studies: in fl y ash-cow dung-paper waste vermicompost [31] , in waste from the sugar industry [4, 28] , in waste paper and chicken manure [30] , or in bio-waste like sewage sludge and rabbit manure [2] . The decrease of potassium in soil in the presence of earthworms was previously found in fi eld literature [32] [33] [34] , and this aspect necessitates further investigation. The fi ndings of Sangwan et al. (2008) [35] [38] studied the potential of Eisenia fetida to improve the fertility of soil by comparing sewage sludge with and without earthworm treatment, and their results showed that earthworm activity had no signifi cant effect on the contents of total and available potassium.
In assessing the results, the contribution of the fruits of Solanum lycopersicum, which in small amounts remained unconsumed by earthworms and which, also in small measure, is possible to represent a source for the analyzed chemical elements in the soil, must also be considered.
The pH values slightly decreased in the soil with unfed Eisenia fetida, but the statistical processing does not confi rm that this fact is due to earthworm activity (Table 2 ). This could be because of the vermiwash released in the process. Musaida et al. (2012) showed that this vermiwash increases the moisture content, thus neutralizing the pH of the vermicompost [27] . However, the decrease of pH values in vermicompostation with Eisenia fetida was observed also by Kashi and Khoshab (2015) [39] within an experiment by 45-60 days using different types of agricultural wastes (pine sawdust and cotton industry waste, as bulking agent), types of farm animal manure (poultry litter and horse manure, as regulator agent), and municipal solid waste. Suthar and Gairola (2014) [34] reported as well the decrease of pH when the species Eisenia fetida was used to recycle leaf litter waste solids (silver oak and bamboo) combined with cow dung. The decrease of pH also has been recorded for other species of earthworms [6, [40] [41] .
Conclusions
This study revealed the following: the decomposed fruits of Solanum lycopersicum represent an adequate food for Eisenia fetida. No mortality was recorded among earthworms fed with this food. At the end of the experiment, the body weight of earthworms fed with fruits of Solanum lycopersicum was higher than that of the earthworms from the control boxes, due to the surplus of organic matter provided by this type of food, and the fact that the prolifi cacy of earthworms considerably increased over that of the unfed earthworms in the control boxes has been established. Signifi cant statistical correlations supporting this fi nding were found. The soil containing earthworms fed with fruits of Solanum lycopersicum recorded statistically signifi cant increases of pH, total nitrogen, and available potassium, respectively, and a decrease of the available phosphorus as compared to the soil containing earthworms not fed with tomato fruits. The presence of earthworms in soil determined the improvement of several parameters of it, even in the case when earthworms were not fed with fruits of Solanum lycopersicum: the concentration of total nitrogen increased by 40%, the concentration of available phosphorus nearly doubled, and the concentration of available potassium decreased (14.66%).
